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INTRODUCTION 
Coherent optical testing methods such as holography, electronic speckle pattern 
interferometry (ESPI) and shearography have proven capabilities for performing 
structural inspections. However, a recurring challenge for inspectors is the 
determination of the optimum inspection configuration and loading method. Typically 
inspectors rely on experience or trial and error methods. Often a single configuration 
is used for a variety of applications. This lack of inspection design can reduce 
inspection reliability for complex structures. Therefore, to provide an inspection 
design tool, we are developing a computer code which simulates inspection processes. 
THEORY 
COBRA (Coherent Optics Based inspection Requirements Analysis code) targets 
ESPI and shearography systems that use image subtraction. The displayed fringes 
produced by these systems can be approximated by 
(1) 
where .:1<\> is the phase change caused by surface motions. Strictly speaking 
this equation should also include terms which describe the speckles and the fringe 
visibility reduction produced by surface motion induced decorrelation effects. We 
have developed some preliminary approaches for modeling these effects which appear 
promising. However, since these models will not be fully implemented in the code 
unti11995, they will not be addressed here. 
The governing equation for the phase change detected by ESPI systems is 
(2) 
where K is the sensitivity vector and I is the surface displacement vector. As shown 
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Figure 1. Single illumination beam configuration. 
Figure 2. Dual illumination beam configuration. 
in Figure 1, the sensitivity vector for a single illumination beam setup bisects the 
illumination and observation vectors. Figure 2 shows that for dual illumination beams 
the sensitivity vector is orthogonal to the bisector of the two illumination beams. 
Therefore, the measurements can be made principally sensitive to the desired 
displacement component using either a single or dual beam setup. 
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Shearography systems produce two copies of the observed wavefront which have 
a relative lateral displacement and tilt (image shear). As a result, light scattered from 
an object point P will interfere with the light from a neighboring point some small 
distance Al away. Therefore, the phase change is governed by 
(3) 
For small angles of image shear the sensitivity vectors at P and P+ ll.l are 
approximately equal. Using this approximation and expanding the resulting 
expression in a Taylor series, we can show that the phase change for shearography 
systems can be approximated by 
(4) 
where '11 is the shearing direction and 6'11 is the gage length (ll.l) analogous to the 
length of a strain gage. 
To mathematically characterize surface strain we need to acquire the full 
deformation gradient matrix 
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This can be accomplished using single and dual beam setups and dual camera 
(5) 
systems. Note, however, that dual illumination shearography requires additional work 
to isolate the appropriate beam components since it is a four beam interference 
process. 
The surface strains can then be determined from the deformation gradient 
matrix using 
(6) 
However, from an engineering standpoint, many of the elements of the deformation 
gradient matrix will be negligible. Therefore, to minimize the number of 
measurements required, it is important to determine which elements are relevant for a 
given structure and loading method. 
CODE CAPABILITIES 
COBRA is a workstation based code that simulates nondestructive inspection 
procedures for ESPI and shearography systems. The code uses an X windows based 
menu driven and graphical user interface (Figure 3). The inspection geometry can be 
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Figure 3. Example of the pull down menu interface. 
Figure 4. Window used to analytically describe the inspection geometry. 
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specified analytically or graphically (Figure 4). After a user selects an inspection 
instrument type and surface geometry, the program will display an interactive view of 
the inspection setup to let the user specify the inspection geometry by adjusting the 
displayed scene. Figure 5 illustrates a sample scene which can be rotated, translated, 
and scaled to allow for the selection of an inspection point to be located in the center 
of the field of view. After an inspection point of interest is selected, multiple 
windows display projections of the inspection instruments and inspection target to let 
the user interactively adjust the displayed inspection configuration. 
Options are provided for single or dual illumination beam inspections of quadric 
shaped surfaces, structures described by finite element meshes, and CAD files (IGES 
format). Loading induced surface motions defined by user selected rigid body 
motions, motions along the surface normal, or finite element results are accepted. 
The output from COBRA is a theoretical fringe pattern and a 3-D plot of the 
inspection sensitivity. 
The sensitivity vector varies spatially across the inspection surface. As a result 
the displacement or strain component measured also varies spatially. This variation 
can produce artificial fringes which falsely indicate relative surface motions. The 
metric we use for characterizing the inspection sensitivity for ESPI is 
11·£1 
21£1 
(7) 
This parameter varies between 0 and 1. Regions where it equals 1 correspond to 
locations where the displacement corresponds to one half the laser wavelength. To 
aid the inspector in determining an acceptable size inspection region, the inspection 
sensitivity is displayed as a 3-D plot. Regions where the sensitivity varies by more 
than 0.1 are highlighted with an arrow and the transition to this region is identified by 
a red line on the plot. A sample plot is shown in Figure 6. A similar parameter is 
used for shearography setups. 
RESULTS 
COBRA is currently being used for modeling aircraft inspection processes. 
Sample results for the simulated inspection of a riveted lap joint on a 737 aircraft are 
shown in Figures 7-11. The region displayed in these figures is an 8" x 5.5" section 
on the top surface of the lap. The region of overlap is indicated by a black line 
drawn horizontally across the fringe pattern. The lap contains three rows of rivets 
separated by 1 inch in each direction. The center row of rivets (partially visible in 
Figure 7) is fixed to the underlying stringer. The outer two rows of rivets connect 
the two aluminum panels, but are not fixed to a structural element. The magnitude of 
the loading for each simulation was 0.0028 psi for the ESPI results and 0.014 psi for 
the shearography results. The simulated loading was an external vacuum (8" x 8" 
region) for the results shown in Figures 7-10, and internal pressurization of the 
aircraft fuselage for the Figure 11 results. 
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(A) (B) 
Figure 5. Example of the graphical interface used to select the inspection point of 
interest. (A) is the initial scene. (B) is the scene after rotation and scaling. 
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Figure 6. An example of an inspection sensitivity plot. 
Figure 7. Lap plice with no 
defects . Vacuum loading. 
(A) 
(B) 
(C) 
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Figure 8. Lap splice with no 
central rivet. Vacuum loading. 
(C) 
Figure 9 . Lap plice with the 5 central rivel missing. Vacuum loading. 
(A) ESPI (B) Shearography, vertical shear (C) Shearography, horizontal shear 
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Figure 10. Lap plice with the 5 
central rivet rni ing and a 0 .5" 
crack running horizontally on 
each side of the central rivet. 
Vacuum loading. 
(A) 
(B) 
(C) 
Figure 11. Lap splice with the 5 
central rivets mi sing . Pre ure 
loading . 
(A) ESPI (B) Shearography, vertical shear (C) Shearography, horizontal shear 
